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relates to drug and drug target applications of FREAC 1 1 and freac 1 1, respectively. 
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Technical field 

The present invention relates to a novel transcription factor. More precisely, the present 
1 0 invention relates to a transcription factor expressed in adipose tissue and involved in lipid 
metabolism and/or adipocyte differentiation. 

Background of the invention 

Triglycerids make up approximately 90% of the dietary fat consumed by an adult on a typical 
1 5 western diet, which is equal to 60-100 gr (Hopfer, 1986). These triglycerids will be processed 
in a series of enzymatic reactions to release free fatty acids (FFA). FFA will be used as an 
energy source in muscle tissue or stored as an energy buffer in adipose tissue. The rate 
limiting step in processing dietary triglycerids to FFA is catalyzed by lipoprotein lipase (LPL) 
(Brunzell, 1989). Thus, LPL is a key enzyme in providing adipose tissue with FFA, which are 
20 reesterified and stored as lipid droplets within the adipocyte. It is therefore reasonable to 
assume that LPL is critical for developing obesity, a notion underscored by the fact that 
patients with hyperlipoproteinemia type I (ie. patients with no LPL activity) are typically lean 
(Holt, 1939). 

25 Furthermore, it is a well established fact that obesity in humans is associated with several 
diseases such as ischemic heart disease (IHD), noninsulin dependent diabetes mellitus 
(NIDDM), certain types of cancer and mental disorders. 

Substances/methods to decrease fat cell mass in obese individuals with NIDDM are highly 
30 desired to restore insulin sensitivity and normalize blood glucose levels. 
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Another known gene involved in lipid metabolism is the ob gene (obese) gene ( Da- Wei Gong 
et aL, 1996). In GenBank entry U43589 the sequence of the ob promoter has been deposited. 

Further genes of great importance to regulate adipocyte metabolism and/or differentiation are 
the peroxisome proliferator-activated receptor genes, such as the ppar gamma 2 gene ( Zhu et 
aL, 1995). 

Summary of the invention 

The present invention relates to a new previously unknown gene that is selectively expressed 
in adipose tissue stromal cells, adipocytes and preadipocytes. The expression product of the 
gene has unique ability to regulate genes involved in lipid metabolism and/or adipocyte 
differentation, such as the lpl gene, ob gene, and ppar gamma 2 gene, respectively. In the 
present description and claims, genes are designated with lower case letters and gene products 
are designated with capital letters. 

The present invention provides a novel human transcription factor, called FREAC 1 1, which 
is selectively expressed in adipose tissue. FREAC 1 1 is a member of the forkhead family of 
transcription factors (Weigel et aL, supra). The invention relates to freac 1 1 and FREAC 1 1 
and/or amino acid sequence of freac 1 1 and FREAC 11, and variants thereof respectively. 

For the purposes of the invention, it is essential that the conserved DNA binding domain of 
FREAC 1 1 is present, although activities of importance for adipocyte metabolism and/or 
adipocyte differentiation are expected to reside outside of the 1 10 amino acid DNA binding 
region. In FREAC 1 1 such sites are, for example, sites for protein protein interaction and 
transcription regulative functions. In freac 11 it is essential that the nucleotide sequence 
encoding the DNA binding domain is present. 

According to the invention FREAC 1 1 is used for transcriptional regulation of of adipocyte 
expressed genes, such as the lpl gene, the ob gene and the ppar gamma2-gene. The present 
inventor has found that all these genes contain potential binding sites for FREAC 1 1 , i.e. at 
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In another embodiment, FREAC 1 1 is the drug target. For this purpose the invention relates 
to, in a sixth aspect, use of FREAC 1 1 transcription factor for high throughput screening, 
HTS, for substances influencing the activity of FREAC 11, such as inhibitors, antagonists, 
agonists etc.. 

For the purpose of the invention, gene means both genomic DNA, cDNA, and synthetic 
DNA. 

The above described drugs and drug target applications of the invention are intended for use 
in therapy of obesity-related conditions where it is desired to either increase or decrease the 
activity of adipocyte expressed genes, such as obesity, non-insulin dependent diabetes 
mellitus, cardiovascular diseases, catabolic conditions, anorexia, bulemia. 

Detailed description of the invention 

The invention will now be described more closely below in association with the 
accompanying drawings and some non-limiting examples. 

In the drawings: 

Fig. 1 shows nucleotide and amino acid sequence of FREAC 1 1 wherein the DNA binding 
domain is underlined; 

Fig. 2 shows a Northern blot of RNA from different tissues using a part of the cDNA in fig 1 
located outside of the DNA-binding region as a probe; 

Fig. 3 shows a diagram of the induction of LPL during adipogenesis measured as reporter 
gene activity derived from a lpl promoter-reporter gene construct; the filled bars show 3T3- 
F442A cells transfected with a lpl promoter-reporter gene construct only; and the open bars 
show a corresponding experiment with a lpl promoter- reporter gene construct that has been 
transfected into differentiating 3T3-F442A adipocytes together with a construct expressing 
only the DNA binding region of freac 1 1 . 
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present in the closed bar experiment, see legend to Fig. 3. Expression of S12 box (open bars) 
inhibits the normal LPL induction (filled bars). 



In this way it is possible to study the effects of the endogenously expressed FREAC-1 1 in 
5 these cells by blocking its access to the lpl promoter. 

The transcription factor FREAC 1 1 according to the invention is exclusively expressed in 
adipose tissue when the DNA binding domain of this transcription factor is expressed in stable 
transfectants. It will act as a negative dominant mutation and LPL levels, measured as reporter 
1 0 gene activity, are down to base line values, see Fig. 3. Thus, the DNA binding domain of 
FREAC 1 1 will bind to the two cis elements in the LPL promoter- in doing so this cis 
elements will be blocked and not able to interact with wild type transcription factors. 

EXAMPLE 3: Transfected freac 1 1 inhibits ob promoter activity 

15 To study the regulative properties of FREAC 11a co-transfection was performed as depicted 
in Fig. 4. This shows that when an expression vector encoding the DNA binding region (= 
S12 box) of freac 1 1 is transfected together with a ob promoter-reporter gene a clear reduction 
in reporter gene activity is evident. This implicates FREAC-1 1 not only as a regulator of lpl 
gene but also as a regulator of the ob gene. This experiment provides evidence that the ob 

20 promoter contains functional cis-elements capable of interacting with the DNA binding 
domain of FREAC 1 1 . Both freac 1 1 and the ob-gene are selectively expressed in adipose 
tissue. 



EXAMPLE 4.Bodv weight of trangenic mice 
25 The body weight of control, transgenic mice with 1-3 extra copies of FREAC 1 1 (low copy 
transgenic) in the genom and transgenic mice having more than five extra copies of FREAC 
1 1 in the genom 1 1 (high copy transgenic) was compared in 73 animals. 
It was found that the body weight is significantly elevated in high copy transgenic mice in 
comparison to low copy transgenic and control, both for male and female. 



30 
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Through the use of yeast 2- hybrid screening systems, or similar systems, possible protein - 
protein interactions will be investigated - such proteins ie proteins that interact with FREAC- 
1 1 could also be used to modulate the activity of FREAC-1 1 and in doing so also regulating 
LPL and adipocyte differentiation /metabolism. 

Besides proteins, the interaction of FREAC 1 1 with other molecules than proteins, such as 
carbohydrats, lipids, and other compounds, will also be investigated. 



EXAMPLE 6. The freac- 1 1 gene as a drug target 
1 0 For this purpose an antisense construct of freac 1 1 will be produced. If freac 1 1 is inhibited in 
this way, an increased activity is expected of adipocyte expressed genes containing the 
described cis elements. 



15 
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CLAIMS 

5 

1 . Freac 1 1 gene (cDNA or genomic DNA) comprising the nucleotide sequence of Fig. 1 as 
well as fragments and allelic variants thereof encoding transcription regulative products. 

2. Freac 1 1 sequence according to claim 1 comprising the underlined nucleotide sequence 
10 in Fig. 1. 

3. Freac 1 1 sequence according to claims 1 or 2, which encodes a product having 
transcription regulative function directed against adipose tissue expressed genes. 

15 4. FREAC 1 1 transcription factor comprising the amino acid sequence of Fig. 1 as well as 
fragments and variants thereof having transcription regulative function. 

5. FREAC 1 1 transcription factor according to claim 4 comprising the underlined amino 
acid sequence in Fig. 1 . 

20 

6. FREAC- 1 1 transcription factor according to claims 4 or 5, wherein the transcription 
regulative function is directed against adipose tissue expressed genes. 

7. FREAC 1 1 transcription factor according to claims 4-6, wherein FREAC 1 1 is involved 
25 in lipid metabolism and/or adipocyte differentation. 
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1 7. Use of FREAC 1 1 transcription factor according to any one of claims 4-9, for high 
throughput screening, HTS, for substances influencing the activity of FREAC 1 1 . 
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